In this paper, a rectangular composites double curved shell with four clamped edges is studied under static distributed and concentrated loads. The governing equations for the laminated and functionally graded shells with respect to the middle surface are presented, and the fundamental solutions are obtained. The exact solutions of the laminated and functionally graded shells should serve as the benchmark solutions for any numerical computation methods and can be used in the boundary element method and meshless method.
INTRODUCTION
A number of theories exist for layered anisotropic shells [1] and many of them were developed for thin shells based on the Kirchhoff hypothesis. However, the application of thin plate theory could lead to 30% or more errors to layered anisotropic composite shells [2] . The higher-order theory of Reddy [3] for composite shells is based on five degrees of freedom. This theory assumes a constant transverse deflection through the thickness and the displacements of the middle surface are expanded, as cubic functions of the thickness coordinate. Exact solutions were derived for simply supported laminated shells under static loads by Reddy [2] , using double Fourier transform technique. This paper deals with the analytical solutions of the laminated and orthotropic functionally graded, cross-ply laminated, double curved shells with four clamped edges under static transverse concentrated loads. Analytical solutions for transverse deflection, in-plane tensile force and moment are presented for the laminated and various functionally graded shells. The exact solutions presented herein for cylindrical and spherical functionally graded shells under uniformly distributed load and concentrated force can be used as the benchmark results for any numerical methods, such as the finite element, finite difference, boundary element and meshless methods
GOVERNING EQUATIONS FO R ORTHOTROPIC SHELLS
An uniform thickness shell is shown in Figure 1 , where 
where
and  denotes the shear correction factor (5/6 for the Reissner's moderate thick plate theory). The stress-strain relations are given, in the shell coordinate system, as 
where ij Q are the stiffness of orthotropic shell which can be determined by the engineering constants as 13  55  23  44  12  66  21  12   2  22  21  12 ,
For the laminated shells, we have
where ) (k ij Q denotes the lamina stiffness referred to the material coordinates of the k-th lamina and n is the number of layers in the laminate. For the gradation of material properties along the plate thickness, we assume the variation profile for volume fraction obey [4] 
where P denotes a generic property like modulus, t P and b P denote the property on the top and the bottom surfaces respectively, and  is a parameter that dictates the material variation profile through the thickness. Poisson ratios and density of mass are assumed to be uniform. In this case, all material constants, from (7), become 
   e
Then material constants can be written as , 2
Use of the modified strain-displacements relations in Hamilton's principal yields the following equilibrium equations [5]  
The equations of motion can be expressed in terms of the displacement as   
General solution for rectangular shell with two opposite simply supported edges
Consider a rectangular double curved shell of two dimensions ) ( b a  with two opposite simply supported edges, a and b are the dimensions of the shell middle surface along the x and y axes. The boundary conditions on these two edges are expressed, called Case (1), as
Then the exact form of the spatial variations of displacement and rotation can be written [6] as 
Other coefficients are too lengthy to be listed here. However, we can determine these coefficients easily by selecting arbitrary six values of 5 ,.. 
then the general solution can be obtained by 
(23b) Then the exact form of the spatial variations of displacement and rotation can be written as 
Analytical solutions with four clamped edges
According to the principal of superposition, the exact form of the spatial variation of displacement and rotation should be in the following form In addition, spherical and cylindrical shells subjected to a concentrated load 0 P are considered.
In this case, the non-dimensional transverse deflection ), / 10 ( Table 3 for various values of radius-to-side ) / ( a R ratios and two values of thickness-to-side ) / ( a h ratios. As the in-plane force and moment at the point of concentrated force are singular, they divergent with the number of truncation of Fourier series ) , ( N M . However, the resultants of stresses are regular and convergent in the domain of shell elsewhere. 
CONCLUSIONS
In this paper, the exact solutions for the double curved laminated and functionally graded rectangular shells with four clamped were derived subjected to static distributed and concentrated transverse loads. The governing equations for the laminated and functionally graded shells with respect to the middle surface were presented with the moderate thick plate theory. The fundamental solution can be applied to the boundary element and the method of fundamental solution. In addition, these solutions can be used to access the degree of accuracy for any numerical methods.
